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TRACE ELEMENTSE, WITH SPECIAL REFERENCE TO MERCURY, IN FISH

COLLECTED GPSTREAM AND OWNSTREAM OF
LOS ALAMOS NATIONAL LABORATORY

bF.

B.E. Frf::qur_z. J.I). Huchton, and M.A. Mullen

ABSTRACT

Trace elements (Ag, As, Ba, Be, Cr, Cd, Cu, Hy, NI, Ph, 5h, S¢, and
T} were determioed in muscle (fillet) of average sized fish (mostly
carp, cathish, and sucker) collected from the confloemces of magor
canyons thak cross Los Alansds National Laboratory (LANL) lands
with the Rio Grande (Ré). -Alsa, trace slensents were determined io
sk Fromn reservoirs upsiream (Abiguiu [AR]) and dowsstrcam
(Cockiti [CR]} of L.ANT. from 1991 through 1999. in pemerak. all of

. the {mean) trace elements, including He, were either at the Limits of

detection (LOD) or In low concestrations ak all study sites. OF the
trace elements (e.g., Ba, Cu, and Hg) that were found 1o be above the
LOD im fish muoscle collected rom LANL canyons/RG, none were in -
significantly higher (p < 0.05) soncentrations than in musele of fsh
colleried from background locatfons. Mercwry congentrations {mean
of means) in fsh from AR (a1l other trace elements were at LODY
werg significantly Bigher {(p < 0.10) than Hg conceniratioms in fish
from R, and Hg concentrationy in fish collected from both reservoirs
exhibited signiflcanily (AR = p < 0,05 and CR = p < 0,10) decreasing
mrends over fime.

L. INTRODUCTION )
Lwring the carly years of Los
Alamos Mational Laboratory (LAMNL)
ﬂpl:-'l'ﬂ'.iiulﬁ {carly 194415},. gome ::an:,-u'n
drainage systems, -which are major
patbrvayz for conlominanis to reach qtf-
gile recepiors, rooctved vanous amounts
of untrcated wasle cffluenls (Purtymun,
1974, Hakonson €t al., 1980; Fresquez et

al, 15-I95; Bennett et al, 1996).  As a
result, some of these canyons conlain -
small amounts of light, heavy, an}:i
nonmetal trace elements, including
mercury (Hg) (Hakonson ct ai. 1930).
Although most of the runefT andior
effluent flow in the canyons is lq?rst to the
undetlying - alluvium and o



evapotranepiration before leaving LANL
lands (Stevens ot al., 1993), some flow
ftoth excsssive Shonm evenis may teach
the Rio Grande (RG) (Abccle ¢t al.,
1981). The RG iz the main ributacry it
Mew Mexico | {MM) and Lraverses
approximately 750 rver mmiles fom its
headwaters m the San Juar Moutitains i
sputhwestern  Colorade, through  the
State of NM, o El Paszo, Texaz, and
Beyond to the Gulf of Mexico (Ellis et
al., 1993). :

Mercury congenirations o Fish

occurring in rivers, lakes, and Teservoirs

in MM have been of significant concern
to the public for 2 number of years
(Torfeg, 1998); there are curvently 26
fish advisorics for Hg in NM waters
baged on the 1 ppm wel weight (w w)
limil (NMDII, 1993). The main sontce
of Hg imte watcr systemsz i3 from
almpspheric deposition resulting from
natural depassing of the ecarth's crst
(2,700 to &, 000 Lons of Hy atrually) and
burning of fossil fucls (2,000 to 3,000
tons of Hg anoually) (Foulke, 1904).
Although the concentration of He m all
but a few small, often ephemeral, nivers
and sircams in MM are 'b'E:I‘-}" low (NMED
1559), inorganic HE existing in the water

is comverted [Eo  methyl mercury

{CH;)Hgz", a newroloxin, wnder anaerchic
conditons by sulfate reducing bacicoa
(Dizeoll et al, 199%4; Bunce 1991).
Methyl mercuwry is fat and water solublz,
which {5 casily taken up by living celis
(Hammand and Foulkes, 1988Y; it is the
main form of Ha in fish (95%) {Driseall
et al,, 199%4); and it biosccunolates {e.g.,
targer fish = smaller fsh) (Bache o al.,
1971) " and Eiﬁmagnifi&s (ep,
camivorous fish > ommivorous fish
herbivorous fish) veadily (Ochiai 1995},
A3 part of the environmental
surveillance program al LANL, fish are
collected  anoually  upstcam  and
downstream of LANL for the analysis of
tadionyclides  and nnmadinnﬁnlides
{light, heavy, apd nohmetal irace
clomonts) | {polychlonnated  biphenyls
have also been analyzed, albeit on a one
titne basis, and are reported eleswhens
[Gomeales ot al. 1999]h. This
information i3 used in an effort to
ascerfain  the effects of Laboratory
operations on the human food chain
{(ESP 1999), The -purpnse of this paper
is Iu summerizc trace clements, with
particular reference Io Hp, in muscles
(fillst) tissues of average size fish
(mostly carp, catfich, and  suckers)
collected at Abiquiv teservair (AR),

—— amm .
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which is upstream of LANL, and at

" Cochiti  reservair  (CR), which iz -

downstream of LANL, from 991
thmu;g;h 1999 Also, 2 previous shdy
in\ru'[ving. the detcrmination of wace
elements in. fish nnlllm'l.e.d at  the
_cnnﬂumms of major canyons that cross

LANT lands with the R (Fresquez ot

al., 1990} are presented for' comparison |

a.r!d reference,

IL MATERIALS ...:"I.HD METHODS -
Two shudies were conducted. In

the first study, four to five ish (16 to 18
inches in length) consisting. of while -

sucker {Ca'm.smmm ComIHErSNT),

culfish (fcralurus punctaiis), and carp

{Cyprinis mrpié] wete collagied uging =

rafi-mountcd Smith-Root Electrofisher
shocking devwice along the Riy smrljn'g_ at
San ldcfenso (SI) {approximalely one
mile upsiream from any  inlsrmiticnt
streams that eroes LANL lind:] and then

from the confluences of Los Alamos

Canyon (LAC), - Moriandad Cimyon
(M), Pajarite Canyon (PC).  and

Frijoles Canyen (FU) (Fresquer et al, |

| 1994} (Figure 1) .
The - secord  study . invalved

collecting the same species of fish

collected in studvy one, alboil 5malll:r_

(moet fish, witﬁ the excepliom of t‘né
crappie [4 to 7 inches long), ranped in

size foom 12 w 14 inches in length),

from AR and CR. AR (4,290 acres in
stze} is locabed on the Rie Chama

approximately 40 miles. upsieam  of

LANL, and CR, an 11000-acre fload
'.1lnd sediment comtrol projcct, is -located
on (he RO appreoximately eight miles
downstream of LANL. The fish wers
collected with pill nets, and the nember
and type of fish collected from the
reervoirs from 1991 through 1999 were
the fallowing: 1991, AR -6 (4 calfsh, 2
brown trout [Safeio muial), CR = 7 (5
white étappic [Pomitis oamedaris], 2
catfish); 1994, AR = 7 {catfish), CR = 7
(catfish), 1995, AR =5 (catfish), CR = 5
foatfish; 199, AR - 5 (catfish), CR = 5. -
fcatfish)y; 1997, AR = 5 {2 catfish, 1
;wh.it'c sucker, 2 carp), l.'_‘..R -5 (1 -datfish,
| white sucker, 3 carp); 1999, AR = 6 {3
cathish, 1 white sucker, 2 carp), TR = 5 ‘

A1 carfish, | white sucker, 3 catp).

All fish were placed into I:i.rge
plastic hag'-.:‘.- foliowing  collection, '
marked for  idemtification,  amd

" transferred to LANL in an ice chest
"cooleid to 4°C. In the laboratory, a

subgarnple (<35 g wet) of muscle (fillet)
from each fish was placed into a guart
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=ize Ziplock plastic hag aod submitted to
the Chomical Scienee and Technology
group (samples from AR and CR in
1991 wer submitted to  the DM
Scicntific Laboratary Division, Air and
Heavy Metals Section, Albuguerque,
WM for analysis of light, hl:a\:}r, and
nottmeatal trace elemenis: Ag, As, Ba
Be, Cr, Cd, Cu, Hg. Mi, Fb, 8§b, 5S¢, and
T,  All methexds of trace element
analyses in fish have been described
previously (Fresquez of al, 19%4;
Frasquez et al, 1996). Results are
reported in pg s wow, )

Vapations' m the mean frace
elementt content in muscle between AR
and CE and between SIRG and
LACIRG, MC/RG, PC/RG, and FCRG
were assessed using a Wilcoxon Rank
Suns  Test  at the 005 md 010
probability level (Gilbert, 1937 Trend
analysiz for Flg concentratinns oifer a
nine-year penod was completed using a
Mann-Kendal st at the 005 and O.1¢
prohability level. '

1. RESULTS AND DISCUSSION
Most trace element

concentrations in muscle from  fish

eollegcted fram the confluences of LANL

canyons wilth the RBG were below the

limitz of detection [LOD) (Freequez =i
al, 1999). Of the tracc clements that
were above the LOD (Ba, Cu, ard Hy),
none of these tracc metals in fish
collected from the LANL canyonzsRG
were in zignificantly higher {p < 0.05)
concenirations than ttace metals in fish
collected upstresm of LANL at SIRG
{background) (Table [). Mean Hg
conceniralions, in paricular; ranged
from 0.16 to 021 pg ' ww (the highost

_individual Hg level [0.27 pg g w w]

wis deleoted mnmoa carp at the FORG
confluence) and wers well within the 0.5
pg Hg g'l w ow limit thar is widsly
accepted as representative of natural Hg
Ievels in fish of unpolluted fresh water
syslems (Abemathy and Cumbie, 1977)
and below the United States Food and
Drug  Adminigiration’™s  (USFDA)
ingesion e of 1 pg He g" wWow
{Torres, 1993),

Most trace slements, with the
exception _uf Hp, in fish collected from
AR and CR over a nin;:—}r:ur pn:ibd.ivm'e
below the TOD (ESP 1993, i9%9%da,
1996b, 1997, 1993, and nd). In
gencral, mean He concemtrations in all
vears in fish from AR, upstream of
LANL. were gencrally higher than Hg
concentralions in fish fom CRE, and the



statistical apalysis of the mean of meansg
showed that He in fizsh froom AR was
significantly higher (p < 0.10} them Hg
in fiah collected From CR (Table 2). The
highest individuat Hg concenirations
[1.0 pg &' w w] were detected in a
single catfish cach bfrom AR and CR in
IQQJIL and the only carnivourous fish
colicgtcd, brown trout from AR and
whitc! crappic from CR in 199
contained 0.30 and 0.36 uE g'jl w ow of
Hg, regpectively,.  As with the fish
collected from the R, albeit with some
notable {individusl) excepilons, mean
goncentrations of Hp in fish from both

AR amt CR were within Hg

comcentrations  typical of fish Bom
nonpoiluted Fesh  waler  systoma

{Abemathy and Cumbie, 1977} and -

below the USFDA's ingestion limit of 1
ng Hg ' w w (Tomes, 1998).
Coneentrationg of Ha in catfish from this
study were very similar ip Hg levels in
catfish recontly collected from Conchas
faveraged 0.25 ng £ w w) and Santa
Rosa (ranged from 0.22 o 0.33 1z & w
w) lakes (Bousek, 1996; Torres, 1998);
and, these anihors concluded thal health
nsks to the avomge sport hisherman
posed by Hg in fish from Conchas and
Santa Rosa lakes were negligible.

Orerall, mean Hg concentrations
in fish collected from both reservoirs
show  significantiy decreasing trends
over tme, AR {p = 0045} was
sighificant at the 0,05 probability level

and CF {p = 0.066) was significant al the .

010 probability kvel. It is Dot
compleialy knowth why concenimations
of He are decrcasing in fish collected
from AR and CE, but the reduction of
emissions i coal-buming power planis
andfor the reduction of carbon soutces
within the teservols may be but two of
e rcasons. Since the early 19805, for
a.i:ample:, coal buming power plants in
the northwest comer of WM have becn
redquired 13 install benturd sctubbers and
bag houscs to capture particulates and
redure air emissions (Faul Martinez,
perzsonnel COMItunication,
Environmental Engincer Specialist, Air
Cuality  Butean,  New Moo
Environment Department, September 22,
1990, Aditionally, since  the
conversion of He to mcthyl mercury is

primarily 2 biological process, it has

been demonstrated Lhat Hx -

concentrations g fish  tiszye  nge
sipnificantly in impoundments that Eerm
bchind new dams, and then gradually

decline o an equilibrium level as the

-
e
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caibon provided by fooded vegetation is
depleted (NMED 1999).

V. CONCLUSIONS
Mast concentrations of trace

clements, including Hg, m fish coflected

fiotn the RG, as it passes on the eastern
cdge of LANL and ar CE. fwith some
notable excephions) were either at LOD
or low. Becausc Hg concentrations in
tish colleetcd from uvpstrsam arcas of
LANL szhowed highar levels than
dowmetream arcas, the amounts of He in
tish mhabitine the BG and CR o wers
mostly a result of aither naneral andfor
anthtopogenic sources other than LANL.
In any case, concenirations of Hg in fish
corllectel Froth both mmervoirs showel
significantly decrcasing wends  over

Htme
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Table 1. Mean (istd dev) trace elements (ngie w w) im muscle of fish collecred from
the Rio Graode upstream and downstream of LANL..

Location Ba Cu Hy

SLYRG {BG) 0.49 {0412 0.9 [0.47)a 0.21 (0.03)a
LACRG 1.05 {1,500 .54 (0.3)a O LY (0.0¥)a
MCRG 0.35 {015 (.63 (.12 16 {006k
PCRG - © 136 (1 420 0.63 {0 56)a 0.16 (0.04)a
FORG 0.54 {046} 0,75 {0.12)a 21 (D (s)a

'[Ctara from Fresquez ot al,, 1999,

‘Mrans within the same column followed by the same lower case letter wers not
sigificantly diffcrent at the .05 probability levels wsing a nonparametric 'Wilcoxon
Rank Sum teat. '

Tatile 2. Mean (Zsid dev) merciery {ﬁgfg w W) in muscle of fish collected from
reservoirs upsiream and downstreéam of LANL from 1991 through 1999,

Year' Abiquiu Reservoir Cochiti Reserveir
1991 0.35 (0.0%a” 35 (0.1
1554 0.37.(0.28)2 0.28 (0.323a
1905 0.34 (0.26% - 0,12 {0,058
1996 0,34 (0. 10%a - 021 {.1ha
1997 'l].lﬁll:'l].lﬂ:lﬂ 15 {10
1999 0.24 {0.12% 0.14 (0.00)a
Mesy of Means (£5£4 0,29 {0,054 018 (0.07)B

“1991 anabyzed by the WM Scicotific Laboralory Division and 1994 to Iﬁﬁaiyz&j b
LANL laboratory. Co
"Means within the same row followed by the same lower case letter were tot sigri Rcanlly
different al the 0.03 probability levelz using a nonparamcine Wilcoxon Rank Sum test.
*Means within the same mw Fallowed by the same upper ease lotter were not significantly
differcat al the 0. 10 probability levely using a notperancine Wilcoxoen Rank Sum test,
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